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Emergent Reversal of Bleeding 
Associated with Anticoagulants

Mark Cipolle, MD, PhD, FACS, FCCM

Medical Director Trauma Program

Christiana Health Care System

Wilmington, DE

No Disclosures

Outline

• Balancing risk: thrombosis vs. bleeding

• Review of PCCs

• Phase 3 trial PCC-4 vs FFP for warfarin-
related bleeding

• Antiplatelet reversal

• New Anticoagulants
– Bleeding complications

– Animal and in vitro studies

– Human studies

– Strategies for urgent reversal

• Resumption of AT and AC
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It’s all about balance!

Risk Reduction of Ischemic Stroke in Atrial Fibrillation

OAC vs. placebo
RRR = 68% (50-79)

ASA vs. placebo
RRR = 21% (0-38%)

OAC vs. ASA
RRR = 52% (37-63)

Ann Int Med. 2007;146:857

Risk of ICH During Anticoagulation

• Overall incidence in clinical trials is 
generally < 1% per year and most trials 
are < 0.5%

• Increases significantly with INR > 4

• So with well controlled INR, stroke risk 
always exceeds ICH and by about 10 fold 
when get to intermediate stroke risk.
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Projected # of pts with atrial fibrillation in US

From: Stroke. 2006;37:256.)

• 2008:  For immediate reversal, we suggest
treatment with fresh frozen plasma, or another 
prothrombin concentrate in addition to low-dose 
IV or oral vitamin K (Grade 2C)

• 2012:  we suggest rapid reversal of 
anticoagulation with 4-factor PCC rather than with 
plasma (Grade 2C)

ACCP Recommendations for VKA Reversal

Holbrook A, et al. Chest. 2012;141(2 suppl):e152S-e184S.

Prothrombin concentrate 
complexes (PCCs)
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Am J Hematology 2008;83:137-143

Am J Hematology 2008;83:137-143
• 14 published studies

• 3 prospective randomized

• 4 prospective non-randomized

• 1 case control

• 6 retrospective reviews

• Effective in correction of elevated INR
• Faster than vitamin K and FFP

• Essentially free of thromboembolic complications

• Wide array of dosing

• May add rFVIIa to 3 component PCCs

• Data correlating rapidity of correction of elevated 
INR to clinical outcome is lacking

Anti-inhibitor coagulant 
concentrates (aPCCs)

• “bypass” therapy for hemorrhagic disorders due to 
inhibitors, i.e., bypass need for factors VIII and IX

• PCCs that have been activated in vitro

• Increase content of activated and precursor vit-K 
dependent factors

• FEIBA and Autoplex T

• Indicated for bypass therapy in patients with 
acquired inhibitors

• Contain II, VII, IX, and X
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PCC-4 (KCentra®) for urgent reversal 
of warfarin-related bleeding 

1Majed A. Refaai, 2Joshua N. Goldstein, 3Truman J. Milling, 4Henry C. Foehl, 
4Bruce Hug, 5Ravi Sarode

1University of Rochester Medical Center, Rochester NY; 2Massachusetts General Hospital, Boston, MA; 
3University Medical Center at Brackenridge, Dell Children’s Medical Center, Austin TX; 4CSL Behring, King of 
Prussia, PA; 5UT Southwestern Medical Center, Dallas, TX, USA

 Patients (≥18 years) who received vitamin K antagonists (VKA) 
and experienced an acute major bleeding event were 
randomized (1:1) to receive 4F‐PCC (N=98) or plasma
(active control; N=104)

 Patients were stratified by baseline INR (2 to <4; 4 to 6; >6) 
and weight into three dose groups per intervention

A phase IIIb randomized controlled trial comparing a 
4‐factor PCC (4F‐PCC; Beriplex® P/N, CSL Behring) 

with plasma

4F‐PCC, four‐factor prothrombin complex concentrate; INR, international normalized ratio Intent to treat population
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J Trauma 2013;74:248

Reversing anti-platelet agents

ACCP Recommendations for 
Reversal of Antithrombosis for 
Surgery or Invasive Procedures
(8th edition, 2008)

• For patients receiving aspirin, clopidogrel 
or both, are undergoing surgery and have 
excessive or life-threatening perioperative 
bleeding, we suggest transfusion of 
platelets or administration of other 
prohemostatic agents (Grade 2C).
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Normalization of platelet reactivity in 
clopidogrel-treated subjects.
Vilahur, et al.  J Thromb Haemost. 5:82-90, 2007.

• 11 healthy volunteers

• ASA (325mg load then 81mg) + 
clopidogrel (300 or 600 load then 75mg)

• Administration of platelets resulted in 
normalized platelet function by assay

Ivascu, et al. J Trauma. 2008

Platelet Activity and Non-Trauma ICH

Neurocritical Care 2011;15:442

Neurocritical Care 2011; online

Stroke 2009;40:2398
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AABB Recommendation 2014

• We cannot recommend for or against the 
administration of platelets for correction 
of bleeding in patients receiving 
antiplatelet therapy.

• Grade 3C recommendation

In press, Ann Int Med

The new anticoagulants

• 87 year old man on 
dabigatran for afib slipped on 
the ice going to the gym

• PT/INR and aPTT NORMAL

• TT > 180

• Urgent craniectomy
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Pharmacokinetic Comparison: 
New Oral Anticoagulants

Dabigatran Rivaroxaban Apixaban

Target for activity Thrombin (II) Anti-Xa Anti-Xa

Prodrug Yes No No

Bioavailability 6% > 80% > 50%

Time to peak Cp 2 hr 3 hr 3 hr

Half-life 14-17 hr 9 hr 9-14 hr

Dosing interval Once/Twice daily Once-daily Twice dailyGross PL et al. Arterioscler Thromb Vasc Biol 2008;28:380-6

Comparison of bleeding rates between 
TSOACs and warfarin:  atrial fibrillation

• Randomized trials
• Major bleeding = 2-3% per year with TSOAC

• ICH = 0.1 to 0.5% per year with TSOAC

• “Real world” N > 50,000
• Dabigatran vs. warfarin

• Major bleeding: 1.6 vs 3.5 per 100,000 pt days

• ICH:  0.8 vs 2.1 per 100,000 pt days

N Engl J Med 2013; 368:1272.

Lancet 2014; 383:955.

J Am Coll Cardiol 2014; 63:2141

Eur Heart J 2014; 35:1873
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• Meta analysis of 5 trials
• N= 24,555

• Bleeding rates with TSOACs

• Fatal 0.06%

• Non fatal ICH 0.09%

• GI bleed 0.35%

• RR compared to warfarin = 0.5 (0.41-0.88)

J Thromb Haemost 2014; 12:320

Comparison of bleeding rates between 
TSOACs and warfarin:  VTE

Am J Hosp Pharm
Nov 1, 2013

Cotton, McCarthy, Holcomb
NEJM 2011, 365:2039

rTEG in trauma pt who died after craniotomy
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Animal and in vitro studies

• Mouse head injury 
model (striatal 
collegenase injection)

• Compared 4-PCC 
(KCentra®) to FFP 
and rFVIIa

Stroke 2011;42:3594

Tail bleeding

ECT

Plasma conc

Stroke 2011;42:3594

Page 13



Stroke 2011;42:3594

• In vitro model
– Platelet rich plasma (6 donors)

– Added to monocytes pretreated with endotoxin to 
stimulate tissue factor

– Monitor thrombin generation with CAT®
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PCC reversal of dabigatran in rabbit model
Pragst I, et al.  J Thromb Haemost. 2012;10(9):1841-8.

• Methods

• Anesthetized, kidney incision

• Dabigatran 0.4mg/kg

• PCC doses of 20, 35, or 50 IU/kg vs. placebo

• Results

• Dose related reduction in hemorrhage from 29 mL to 5.4 
mL (95%CI = 2.21-8.67/10 IU/kg, p=0.002)

• At 50 IU/kg blood loss was fully normalized

• Increasing PCC doses shortened median time to 
hemostasis from 20.0 to 5.7 min (p < 0.001)

• Rate of hemostasis nearly tripled with each 10 IU/kg of 
PCC dose

• Conclusion

• This 4 factor PCC shows potential as an agent for 
reversing effects of dabigatran

40

Anesthesiology 2012;116:94

Anesthesiology 2012;116:94

• Rivaroxaban at 10mg/kg 

• Increased blood loss and ear bleeding

• Conventional and TEG clotting times

• Decreased thrombin generation

• Neither rFVIIa or PCC had effect on blood loss

• rFVIIa reduced ear bleeding time

• Both rFVIIa and PCC partially corrected clotting times

• Neither rFVIIa and PCC caused thrombosis
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FEIBA in animal studies

• Corrected anticoagulant effect of 
rivaroxaban in primates
• Gruber et al. ASH Annual Meeting Abstracts 

2008;112:3825

• Reversed rivaroxaban effects in rat model
• Perzborn et al. Pathophysiol Haemost Thromb 

2008;36:A40 

• Boehringer  Labs (US and Germany)

• Monoclonal mouse antibodies

• Inhibition of anticoagulant activity via diluted thrombin time

• Humanized and optimized

• Tested in human plasma in vitro and in rats ex vivo

• Results
• Clone 22 with high potent and specific Kd of 34 pM to dabigatran

• Complete inhibition of dabigatran both in human plasma and 
whole blood

• Also complete inhibition in ex vivo model

(r)-antidote

• PRT064445, a recombinant antidote to 
anti Xa drugs
• In rat bleeding model:  Completely corrected 

blood loss associated with fondaparinux and 
almost completely reversed rivaroxaban

Miyares M and Davis K. Am J Health Syst Pharm 
2012;69:1473.
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Human data

Reversing Dabigatran with FEIBA 
Dager and Roberts, UC Davis
Poster #867

• 67 yo man with afib/rvr

• Last dabigatran dose 7h prior to cardiac ablation, 
also heparin 5000 for procedure

• Transeptal perforation!!

• Percardiocentesis

• 4.5L blood loss

• Rx with protamine 100mg and FEIBA 3156 units 
(26U/kg) over 15 mins

• Other resus fluids

• Bleeding slowed immediately and stopped before 
FEIBA infusion completed!

• Thrombin time remained > 80 seconds

Circulation 2011;
124:1573-1579

12 healthy male volunteers
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Circulation 2011;
124:1573-1579

rivaroxaban dabigatran

rivaroxaban

Thromb Haemost 2012;108:217

rivaroxaban

Thromb Haemost 2012;108:217

dabigatrandabigatran
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NEJM 2010;363:1791

Strategies for urgent reversal

Strategies of urgent reversal of TSOACs

• Drug removal from the circulation and/or 
gastrointestinal tract

• Pro-hemostatic therapies such as 
antifibrinolytic agents and DDAVP

• Prothrombin complex concentrates 
(PCCs), which may be prothrombotic
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“Coumadin protocol”
Ivascu, et al. J Trauma. 61:318-321, 2006.

“Coumadin protocol”
Ivascu, et al. J Trauma. 61:318-321, 2006.

POPULATION:  All patients taking oral anticoagulants who have a suspected intracranial hemorrhage.
PURPOSE:        To expedite the assessment and treatment of patients medicated with Warfarin who present with a suspected 

intracranial hemorrhage (ICH) with significant mass affect or requires urgent surgery.

Reversal of Warfarin in Patients with 
Intracranial Hemorrhage (Traumatic and Non-Traumatic) Trauma Department

This guideline is to assist caregivers in the management of routine patients and should be modified for patient specific clinical indications.

1The risk of intravenous Vitamin K anaphylaxis should be explained to the patient and/or family when possible. 
2The risk of clotting/thrombosis with the administration of Kcentra should be explained to the patient and/or family when possible.
3Generic Name: 4-factor PCC.

Suspicion ofSuspicion of
ICH?

Stat POC INR and
Stat CT Head w/o intravenous contrast

Continue assessment Continue assessment 
for

additional injuries
No

Yes

Head CT 

hemorrhage?

Head CT 
positive for intracranial

hemorrhage?

• Notify Neurointensivist or Trauma Attending STAT
•

consultation with blood bank hematologist.  
•

• Notify Neurointensivist or Trauma Attending STAT
• Consult Neurosurgeon STAT for all large ICH as defined in  
neurosurgical consultation guidelines

• Administer Vitamin K1 3 mg IV
• Consider administration of Kcentra2,3 25-50 units/kg (see second page 
for dosing guidelines) for INR > 2 and a large ICH with mass affect 
and/or need for urgent operative procedure.  

• Decision to administer Kcentra will be made among 
Neurointensivist or Trauma Attending and Neurosurgeon in 
consultation with blood bank hematologist.  

•

Observe and admit or 
discharge appropriately

Continue to monitor for Continue to monitor for 
neurological 
deterioration

No

Yes

administration of Kcentra

STAT POC INR 
15 minutes after 

administration of Kcentra

Transport to OR or SCCC
Consider administration of Consider administration of 
FFP if reversal of INR still 

needed after 24 hours
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> 6               50 units/kg (max dose of 5000 units)

Kcentra Dosing Guidelines (units/kg)  

INR Dose
2 - < 4 25 units/kg (max dose of 2500 units)

4 – 6 35 units/kg (max dose of 3500 units) 

> 6               50 units/kg (max dose of 5000 units)

guide for more details.)
4.   Obtain a STAT INR 15 minutes after Kcentra is administered.   

Kcentra Administration Guidelines
1.   The Blood Bank technologist will provide the appropriate number of vials of 

reconstituted Kcentra intravenous administration. 
2.   Flush the intravenous site before and after administration with NSS.
3.   Continuous transfusion of 0.12 ml/kg/min up to a max rate of 8.4 ml/min. (Refer to Formulary and Drug Therapy 

guide for more details.)
4.   Obtain a STAT INR 15 minutes after Kcentra is administered.   

stroke), DIC and known HITT. 

Kcentra Hypersensitivity Reactions:
• Acute headache, visual changes, pain in joints or muscles, respiratory difficulty, chills, back 

pain, dizziness, nausea or other unusual effects.  Discontinue infusion and notify the physician

Kcentra Relative Contraindications:
• Recent thromboembolic event (deep vein thrombosis, pulmonary embolus, myocardial infarction, 

stroke), DIC and known HITT. 

Reversal warfarin related ICH at CCHS

• Notify neurointensivist or trauma attending STAT
• Consult neurosurgery for large hemorrhages as 

defined in consultation guidelines
• Administer 3mg vit K iv
• Consider administration of Kcentra (PCC-4) at 

doses of 25-50 units/kg (see next page)
• Decision to administer Kcentra will be made 

between neurointensivist or trauma attending and 
neurosurgery in consultation with blood bank 
hematologist

• Follow-up with POC INR 15min after completion 
of administration

Am J Hosp Pharm
Nov 1, 2013
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Urgent reversal - Warfarin

• Stop warfarin

• Oral or iv vit K (dose based on INR)

• PCC-4 (if available)

• PCC-3 + rFVIIa

• PCC-3 + FFP

Urgent Reversal - Dabigatran

• Stop drug

• Activated charcoal if < 2hours last dose

• “extended” hemodialysis

• Activated PCC

• PCC-4 or build a PCC-4 with PCC-3 + 
rFVIIa or FFP

Urgent reversal – Rivaroxaban/Apixaban

• Hold drug

• Activated charcoal if < 2hours last dose

• PCC-4

• Build a PCC-4 with PCC-3 + rFVIIa or FFP

• ? Activated PCC
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CCHS AC and AT Resumption

Summary
• A PCC-4 was as effective in providing 

hemostasis, and was faster at correcting INR, 
compared to FFP in a recent phase 3 trial

• There are currently NO data to guide us in urgent 
reversal of anti-platelet agents

• Prothrombin complex concentrates, either 4 
factor or activated, are showing “promise” in 
reversing the new anticoagulants

• Antidotes and monoclonal antibodies are being 
developed for reversal

• Your institution should have a multidisciplinary 
strategy for urgent reversal of all anticoagulants 
based on the best available data

• Must “choose wisely” when considering 
resumption of AC or AT
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